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Abstract: 
Introduction: We investigated associations between exposure to tobacco outlets within activity spaces 
and daily tobacco use, and whether exposure to adults or peers using tobacco mediate these relationships.  
Methods: We used Geographic Ecological Momentary Assessment data over 14 days from 85 youth aged 
16-20 years in 8 mid-sized California city areas. Tobacco outlet addresses and GPS locations were 
geocoded and activity spaces were constructed by joining sequential points. We assessed daily number of 
tobacco outlets within 50 or 100 meters of activity space polylines and number of minutes participants 
were within 50 or 100 meters of tobacco outlets each day; daily use of tobacco; and whether participants 
saw 1) adults and 2) people their age (peers) using tobacco each day. 
Results: Controlling for demographics, results of multilevel structural equation models showed no 
association between number of tobacco outlets within 50 meters of polylines and tobacco use (probit 
regression coefficient: 0.01, p=0.82). However, we found evidence of an indirect effect (p=0.001) through 
daily exposure to peers using tobacco. Specifically, greater number of tobacco outlets within 50 meters of 
polylines was positively associated with seeing peers use tobacco (probit regression coefficient: 0.10, 
p<0.001). In turn, seeing peers use tobacco was positively associated with tobacco use on that day (probit 
regression coefficient: 2.23, p<0.001). Similar results were found for number of tobacco outlets within 
100 meters of polylines.  
Conclusions: Exposure to tobacco outlets within activity spaces affects youth tobacco use through daily 
exposure to peers who use tobacco. 
Keywords: youth tobacco use; retail outlets; norms; geographic ecological momentary assessment; 
longitudinal research; mediation  
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Implications 
Using real time-ordered data, this paper examines whether exposure to adults and peers using tobacco 
mediate associations between exposure to tobacco outlets within activity spaces and daily tobacco use 
among youth. Results suggest that exposure to tobacco outlets within activity spaces affects daily tobacco 
use through exposure to peers who use tobacco. These findings provide additional significant support for 
policymakers who are considering regulating the number and density of tobacco retailers and point to the 
importance of interventions focused on peer tobacco use and youths’ daily environments to reduce 
tobacco use. 
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INTRODUCTION 
Tobacco use is the leading cause of preventable death in the United States (US).1 Since most 
tobacco use starts during adolescence,1,2 prevention efforts need to focus on youth. One important 
determinant of youth tobacco use is exposure to tobacco retail outlets. A growing number of studies have 
found associations between density of tobacco outlets near homes and schools and cigarette smoking.3-9  
Recent research has also begun to explore how to best measure exposure to tobacco outlets and its 
associations with youth tobacco use. For instance, results of an exploratory study in California suggest 
that focusing only on exposure to tobacco retail outlets around homes and schools may underestimate the 
extent to which youth are exposed to tobacco outlets in their daily lives and that exposure to tobacco 
outlets was more accurately measured by considering activity spaces.10 Activity spaces refer to locations 
that people commonly frequent as part of their daily routines. Activity spaces can be defined a priori as 
places in the community (e.g., parks, malls, urban centers, schools) or based on routes an individual 
frequents based on his/her travel patterns. Research shows that individuals engage in many daily activities 
outside of their home or residential environment.11,12 Few other studies have examined exposure to 
tobacco outlets considering activity spaces,13-15 however, research on its use and applications are 
growing.16  
Also, questions remain about how exposure to tobacco outlets affects youth tobacco use. 
Exposure to tobacco outlets may increase tobacco use through perceptions of others’ tobacco use. That is, 
daily exposure to tobacco outlets may increase exposure to adults or peers who use tobacco, who are 
likely to be seen around tobacco outlets, which in turn may influence tobacco use. Though the Social 
Cognitive theory17,18 and previous research2,19,20 also suggest that perceptions of others’ tobacco use are 
strong determinants of youth tobacco use, no research, to our knowledge, has examined if perceptions of 
tobacco use mediate associations between exposure to tobacco outlets and tobacco use. 
To address these research gaps, this study examined whether daily exposure to tobacco outlets 
within activity spaces is associated with daily tobacco use among youth and if perceptions of daily 
tobacco use by adults or peers mediate this relationship. We hypothesized that youth who were exposed to 
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more tobacco outlets and spent more time around tobacco outlets in their daily activity spaces would 
report seeing more peers and adults use tobacco and in turn, seeing more peers and adults use tobacco 
would be associated with daily tobacco use. 
METHODS 
Study cities and participants 
We collected Geographic Ecological Momentary Assessment (GEMA) data from youth aged 16-
20 years (n=101 participants) in 8 mid-sized California city areas. GEMA data combine ecological 
momentary assessment data (EMA) with global positioning systems (GPS) and geographic information 
systems (GIS) and allow researchers to collect real-time data on participants’ behaviors and 
environments.21 Cities were selected from an existing geographically diverse sample of 50 noncontiguous 
California cities (population range: 50,000 to 500,000).22,23 To select the 8 cities, we considered cities 
within a 50-mile radius of the city of Oakland, where our research center was located at the time of the 
study. Of the 50 cities, 11 cities met this criterion. To maximize variation in youth exposure to tobacco 
outlets in their living environments, we first stratified these cities based on measures of socioeconomic 
status (SES) (i.e., a measure derived from: median household income, percentage of population with a 
college education, and percentage of population unemployed) and tobacco outlet density (i.e., number of 
licensed tobacco outlets per 10,000 persons) and then randomly selected 8 cities representing low versus 
high SES and low versus high tobacco outlet density. We recruited participants who lived in these 8 cities 
or in cities that were within a 10-mile buffer of the 8 cities.   
At the time of data collection (February 2017 – May 2018), California had raised the minimum 
tobacco sales age to 21, which applied to all cities in the study. Also, in all 8 cities, there were no local 
policies restricting point of sale tobacco promotions at the time of the study. Self-service displays of 
tobacco products were prohibited by state law though there are some exceptions (e.g., pipe tobacco, 
snuff).24  Of the study cities, four implemented one or more local tobacco sales policies including stronger 
tobacco retailer licensing, tobacco retailer location restrictions, licensing ordinances that include 
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emerging products (e.g., e-cigarettes), prohibitions on sales of flavored tobacco products, or prohibitions 
on sales of single cigars.25   
We used a multi-tiered approach to recruit youth participants (50% past month tobacco users). 
We recruited participants through internet and social media advertisements including Craigslist, 
Facebook, Twitter and Myspace. Also, participants were recruited through flyers distributed to youth 
organizations in the study cities and by referral. Potential participants were screened for eligibility (i.e., 
age, city of residence, speak English, and tobacco use). Researchers obtained parental consent for 
participation for those younger than 18 years old. All participants provided signed consent or assent to 
participate in the research. The Pacific Institute for Research and Evaluation (PIRE) institutional review 
board (Federal-wide Assurance #FWA00003078) approved the study prior to implementation. 
Procedures 
At the beginning of the study, participants completed an online initial survey (30 min) which 
included questions about demographic characteristics, personal risk factors, and tobacco use and beliefs. 
Using GPS-enabled smartphones with a survey application, participants then responded to brief daily 
surveys and location coordinates (latitude and longitude) were obtained at one-minute intervals for 14 
days. Research team members provided GPS-enabled phones to participants and briefed them about study 
procedures. Participants completed the daily surveys using a phone survey application programed to send 
reminders to complete the survey each evening at 8pm. Youth had a 3-hour window to respond to the 
survey each day. 
As compensation for their participation, participants received $10 for completing the initial 
survey, $5 for each daily survey, and a $20 bonus if they completed all surveys. Additionally, they 
received $40 for return of the phone at the end of the study and $10 for return of the charger. Participants 
could use the phones with unlimited voice and text during the study. All participants received a resource 
card upon completion of the study.  
Analytical sample 
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 We excluded geocoded data for days in which participants were tracked for less than 360 min 
(n=76). Overall, of the 1483 days, 363 days were missing on observed exogenous variables (i.e., control 
variables and daily neighborhood exposures) and 170 days missing on the endogenous variable (i.e., daily 
tobacco use) and excluded. The final analytic sample therefore included 950 days, which were clustered 
within 85 participants. After excluding days with missing data, each participant in the study had, on 
average, 11.12 days of data (SD: 2.52). 
Measures 
Daily tobacco use 
Our main outcome of interest was tobacco use, which was measured daily. Participants were 
asked, “Since this time yesterday, did you…” 
1) smoke at least one cigarette? 
2) smoke any cigar, cigarillo, or little cigar? 
3) use chewing tobacco snuff or dip, such as Redman, Levi Garrett, Beechnut, Skoal, Skoal 
Bandits, or Copenhagen? 
4) use an e-cigarette or vape device, including e-pen, vape pen, cigalikes, e-hookah, personal 
vaporizers, or mods to get nicotine?  
5) smoke part or all of a cigar, cigarillo or little cigar with marijuana in it (a blunt)? 
We included blunt use in our measure since 1) blunts contain nicotine even if all of the tobacco filler is 
removed from the cigar26 and 2) cigars, cigarillos, or little cigars used to make blunts are sold in tobacco 
outlets. For each question, participants could respond yes (coded as 1) or no (coded as 0). If a participant 
reported use of any of those products on a specific day, they were coded as having used tobacco on that 
day. 
Daily exposure to peers and adults who use tobacco 
To determine whether participants were exposed to peers who used tobacco each day, we asked, 
“Since this time yesterday, did you see people your age who were smoking cigarettes, vaping e-cigarettes, 
or using any other tobacco or nicotine product?” To determine whether participants were exposed to 
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adults who used tobacco, we asked “Since this time yesterday, did you see adults (other than your 
parents/guardians) smoking cigarettes, vaping e-cigarettes, or using any other tobacco or nicotine 
products?” For both questions, participants could respond yes (coded as 1) or no (coded as 0). 
Exposure to tobacco outlets 
Using the Dun & Bradstreet, INC (D&B) commercial list, the North American Industry 
Classification System (NAICS) codes were used to identify probable tobacco outlets in the 8 cities and 
within 10-mile buffer of city boundaries. Specifically, probable tobacco outlets were searched using the 
NAICS codes of the top ten retail industries that sell tobacco products including supermarkets and other 
grocery (except convenience) stores (445110), convenience stores (445120), tobacco stores (453991), 
gasoline station with convenience stores (447110), warehouse clubs and supercenters (452910), news 
dealers and newsstands (451212), beer, wine, and liquor stores (445310), pharmacies and drug stores 
(446110), discount department stores (452112) and other gasoline stations (447190). These codes are 
industries that represent approximately 98% of all tobacco sales and were used in a study that validated 
the use of commercial lists to identify tobacco outlets in states that do not have a comprehensive list of 
tobacco outlet addresses.27 Given that none of the selected cities prohibited sales of tobacco products in 
pharmacies, the NAICS code for pharmacies and drug stores were included for all cities. Next, chains 
with policies restricting the sale of tobacco (e.g., Target and CVS) were excluded from the list. To ensure 
our study included places that sell alternative nicotine delivery systems (ANDS), but do not sell other 
tobacco products (e.g., hookah bars), we conducted an online search of places that sell hookahs and e-
cigarettes in each city. All identified tobacco outlets were contacted by phone to verify business status, 
sales of tobacco products, address, and hours of operation. Next, these outlets were visited by observers to 
record outlet GPS point locations (i.e. latitude and longitude) and obtain data about tobacco products and 
marketing (not reported in the current study).   
Tobacco outlet addresses and participants’ GPS locations were geocoded and activity spaces were 
constructed by joining sequential GPS points into a polyline, which was then buffered and overlaid with 
tobacco outlet locations. An example of a participant’s activity space can be seen in Supplementary 
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Figure A. Exposure measures included the number of tobacco outlets within 1) 50m or 2) 100m of these 
polylines each day, as well as the number of minutes participants were within 3) 50m or 4) 100m of 
tobacco outlet each day. The downloaded GPS data had a field of accuracy of each point. The average 
accuracy was 20m. To minimize potential errors, we used 50- and 100-meter buffers. All four exposure 
measures were weighted by the time participants were within the study area. We ran separate models for 
each of these exposures since number of tobacco outlets within 50m or 100m of polylines were highly 
correlated with one another (r= 0.96, p<0.001), as were time spent within 50m or 100m of tobacco outlets 
(r= 0.73, p<0.001). 
Control variables 
Control variables included sex assigned at birth (male, female, or intersex), race (White or non-
White), ethnicity (Latino or non-Latino), age group (less than 18 or 18+), and perceived SES with the 
item, “Compared with other people in America, how rich or poor do you consider yourself?” Respondents 
could answer on a likert scale (1=rich to 7=poor). Researchers have found that perceived SES is 
associated with health behaviors and health outcomes.28 All control variables were assessed at baseline. 
Data analysis 
We first examined means, standard deviations, or frequencies of all variables using SAS version 
9.4 (SAS Inc., Cary, NC, USA). We then used multilevel structural equation modeling (MSEM) with 
MPlus Version 7 for the mediation analysis. As the data was cross-sectional and not able to provide 
temporal relationships for cause and effect we have used the term "potentially mediate” throughout the 
article. We used MSEM for three reasons: 1) we had longitudinal data in which days over time were 
clustered within individuals and MSEM models may decrease bias of effects compared to traditional 
multilevel mediation approaches;29 2) our potential mediators and outcomes were binary, which many 
traditional multilevel mediation approaches cannot easily accommodate;29 and 3) we were interested in 
examining two potential mediators simultaneously, which is relatively easy with MSEM.30  
Since our outcome and potential mediators were binary, we analyzed data using the probit link, 
which is used to transform outcome probabilities to the standard normal variable.31 The probit regression 
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coefficients give the change in the z-score or probit index for a one unit change in the predictor.32 Since 
the MSEM included binary outcomes, no model fit data were reported by Mplus. For all analyses, we set 
critical α = .05 and used 2-tailed statistical tests.  
RESULTS 
Sample characteristics 
 Of the 85 participants, more than half identified as White (n=48, 56.47%) and one-fifth identified 
as Hispanic or Latino (n=19, 22.35%). A slight majority of the sample was female (n=53, 62.35%) and 
younger than 18 (n=52, 61.18%) (Table 1).   
 Of the 950 study days, participants reported using a tobacco product on 24.63% of days (n=234 
days), seeing a peer use tobacco on 35.30% of days (n=335 days), and seeing an adult use tobacco on 
45.09% of days (n=427 days). In addition, on average participants were exposed to 2.95 tobacco outlets 
within 50m of polylines (SD: 3.65) and 4.40 tobacco outlets within 100m of polylines (SD: 5.03) per day. 
Finally, participants spent, on average, 7.55 minutes within 50m of tobacco outlets (SD: 19.95) and 17.41 
minutes within 100m of tobacco outlets (SD: 48.61) per day (Table 1).  
Descriptive associations  
Of the 234 days in which participants reported using a tobacco product, most days (72.65%) 
participants also reported seeing a peer use tobacco (Table 2). Participants were therefore more likely to 
report using tobacco on days in which they saw a peer tobacco user (p<0.001) than on days in which they 
did not see a peer tobacco user. Similar results were found for exposure to adult tobacco users. In 
addition, we found that number of tobacco outlets within 50m and 100m of activity space polylines was 
significantly associated with exposure to peer and adult tobacco users (see Supplementary Table A for 
these results). 
Mediation 
As seen in Figure 1a and 1b, our SEM contains two main pathways: 1) the pathway from tobacco 
retail outlet exposure to the potential mediators and 2) the pathway from the potential mediators to 
tobacco use.  
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Exposure to number of tobacco outlets within 50m and 100m of activity space polylines 
Controlling for demographics, we found no association between daily tobacco use and number of 
tobacco outlets within 50m (probit regression coefficient: 0.01, p=0.82, Figure 1a) and 100m (probit 
regression coefficient: 0.01, p=0.62, Figure 1b) of activity space polylines. However, we found evidence 
of an indirect effect (p=0.001 for both the 50m and 100m models) through daily exposure to peers who 
use tobacco. Specifically, greater daily exposure to tobacco outlets within 50m and 100m of activity 
polylines was positively associated with seeing peers use tobacco on a given day (probit regression 
coefficient: 0.10, p<0.001; probit regression coefficient: 0.08, p<0.001, respectively). In turn, seeing peers 
use tobacco on a given day was positively associated with tobacco use on that day in both the 50m and 
100m models (probit regression coefficient: 2.23, p<0.001; probit regression coefficient: 2.24, p<0.001, 
respectively).  
While increased daily exposure to tobacco outlets within 50m and 100m of activity space 
polylines was also positively associated with daily exposure to adults who use tobacco (probit regression 
coefficient: 0.09, p=0.002; probit regression coefficient: 0.07, p=0.001, respectively), there was no 
association between daily exposure to adults who use tobacco and tobacco use on that day in the 50m and 
100m models (probit regression coefficient: -0.13, p=0.78; probit regression coefficient: -0.15, p=0.73). 
There was, therefore, no indirect effect through daily exposure to adults who use tobacco (p=0.78 and 
p=0.73 for the 50m and 100m models, respectively). 
Time spent within 50m and 100m of tobacco outlets 
Controlling for demographics, we found no association between daily tobacco use and daily 
number of minutes participants were within 50m of tobacco outlets (probit regression coefficient: 0.01, 
p=0.34, Figure 2a) and daily number of minutes participants were within 100m of tobacco outlets (probit 
regression coefficient: 0.002, p=0.65, Figure 2b), nor evidence of an indirect effect (p=0.66; p=0.41, 
respectively) through daily exposures to peers who use tobacco. Specifically, increased number of 
minutes participants were within 50m and 100m of tobacco outlets was not associated with seeing peers 
use tobacco on a given day (probit regression coefficient: -0.003, p=0.65; probit regression coefficient: -
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0.002, p=0.40). However, seeing peers use tobacco on a given day was positively associated with tobacco 
use on that day in both the 50m and 100m models (probit regression coefficient: 2.24, p<0.001; probit 
regression coefficient: 2.24, p<0.001).  
Similarly, greater time participants spent within 50m and 100m of tobacco outlet was not 
associated with daily exposure to adults who use tobacco (probit regression coefficient: 0.01, p=0.09; 
probit regression coefficient: 0.00, p=0.89, respectively) and there was no association between daily 
exposure to adults who use tobacco and tobacco use on that day (probit regression coefficient: -0.15, 
p=0.73; probit regression coefficient: -0.17, p=0.71, respectively). There was, therefore, no indirect effect 
through daily exposure to adults who use tobacco (p=0.74; p=0.90 for the 50m and 100m models, 
respectively). 
DISCUSSION 
Extending previous findings,3-8 the current study is one of the first to examine what factors may 
mediate association between exposure to tobacco outlets and tobacco use and also one of the first to use 
time-ordered data. We found that daily exposure to tobacco outlets within activity spaces affects youth 
tobacco use through exposure to peers who use tobacco, but not adults. Implications for research, 
practice, and policy are discussed below. 
In contrast to at least one previous exploratory study that used a similar population and activity 
space measures,10 we found no direct effect of exposure to tobacco outlets on daily tobacco use. It is 
possible that exposure to tobacco outlets promotes youth tobacco use in a more long-term cumulative 
manner, such as by increasing receptivity to tobacco products via advertising and promotion and 
increasing perceptions of the prevalence and acceptability of tobacco use in the general population. It is 
also likely that the mechanism through which exposure to tobacco outlets influences tobacco use depends 
on the population (e.g., smokers or non-smokers) and behaviors (e.g., tobacco use initiation, cessation) 
being examined. For instance, in studies of smokers and attempting quitters, researchers found that 
exposure to tobacco outlets can trigger lapses in quitting, increase impulse tobacco purchases, and reduce 
self-efficacy to quit smoking.33-35 Our study included both current and never tobacco users. It is therefore 
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possible that exposure to tobacco outlets would therefore not have had an immediate or direct effect on 
daily tobacco use.  
Interestingly, we found that exposure to peers who use tobacco, but not adults, was associated 
with daily tobacco use. Social Cognitive Theory suggests that adolescents learn about tobacco use by 
observing peers and are reinforced to use tobacco if they gain acceptance from peers or establish a 
particular social identity.2,17,18,36 A large body of  research has established that peers’ tobacco use is an 
important determinant of youth and young adult tobacco use.1,20,37-39 Research also suggests that 
adolescents often obtain tobacco products from peers40—therefore affording another mechanism through 
which peer tobacco use influences youth tobacco use. Finally, during adolescence and young adulthood, 
there is an increasing desire to fit in with peers, which can increase the influence of peers’ substance 
use.38,41 It is important to note that our measure of ‘exposure to peers who use tobacco’ could have been a 
proxy for tobacco use norms.42 It is also possible that our measure of exposure to peers who use tobacco 
could have acted as a cue to use tobacco or that youth were going to tobacco outlets to acquire tobacco 
with their friends, since many youth use tobacco socially.43 Regardless, it appears that exposure to peers 
who use tobacco is an important determinant of youth tobacco use and future research could be conducted 
to disentangle what this measure is capturing. 
Contrary to previous research suggesting the importance of adult tobacco use as a determinant of 
youth tobacco use,19,44 we found no associations between exposure to adult tobacco users and daily 
tobacco use. It is possible that youth exposure to peer tobacco users increases opportunities to obtain and 
use tobacco with peers, whereas exposure to adult tobacco users in the community has more overall but 
not daily effects on youth tobacco use. Peer tobacco use would therefore be related to participants’ 
momentary tobacco use, as we examined in the current study, whereas adult tobacco use would be more 
distally related to use.  
We also found that exposure to number of tobacco outlets was associated with daily exposure to 
both peer and adult tobacco users. From previous research we know that the prevalence of cigarette 
smoking is higher in neighborhoods with tobacco outlets than in neighborhoods without any tobacco 
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outlets.3 Moreover, another study found that teens perceive more adults to be smoking if they live in a 
neighborhood with more tobacco outlets.45 This is the first study, to our knowledge, that directly 
examines the link between exposure to tobacco outlets and exposure to tobacco users, particularly by 
using GEMA data. Interestingly, we found no association between time spent near tobacco outlets and 
exposure to peer and adult tobacco users suggesting that exposure effects are due to increased 
opportunities to see or obtain tobacco from peers rather than the time of exposure.  
 Results suggest that policies to reduce exposure to tobacco outlets and interventions to address 
social influences of tobacco use could be used to reduce youth tobacco use. Importantly, our analysis 
allowed us to investigate exposure to tobacco outlets, exposure to peer and adult users, and tobacco use in 
a time ordered design that suggests these may be causal effects. Communities in the US have already 
begun to regulate density and number of tobacco retailers using various strategies (e.g., prohibiting sales 
in certain venues like pharmacies, prohibiting sales near youth populated areas, such as schools).46 Our 
findings provide additional significant support for policymakers considering these options. In addition, 
interventions focusing on peer tobacco use as a determinant of youth tobacco use will continue to be 
important and should consider how youths’ daily environment increases opportunities for such social 
influences. For example, a phone application could send a comic strip with an anti-tobacco message from 
peers when youth are near tobacco outlets. To this point, some researchers have begun using “just-in-time 
adaptive interventions”47—to reduce tobacco use and smoking cravings.48 
Limitations 
We acknowledge a number of limitations. First, we relied on self-reported measures of tobacco 
use and exposure to peers and adults who use tobacco. Second, we cannot establish that exposure to 
tobacco outlets came before exposure to people who use tobacco or that exposure to people who use 
tobacco came before daily tobacco use; although using real time-ordered data helps lessen this concern. 
Third, we only examined two possible mediators—exposure to peers and adults using tobacco. There are 
other plausible mechanisms through which exposure to tobacco outlets influences youth tobacco use. 
Fourth, we did not control for other factors that may have influenced youth tobacco use, e.g., family 
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history of tobacco use, stress. Fifth, it is possible that local policies in some of the cities influenced daily 
tobacco use. However, the intraclass correlation for daily tobacco use by city was 0.0436 and the 
between-city variance in daily tobacco use was not significant, which suggests that participants’ cities had 
small effects on daily tobacco use. Finally, data came from a convenience sample of youth in California 
and results may not generalize to other populations or locations.  
Conclusions 
 Results of the current suggest that exposure to tobacco outlets within activity spaces affects youth 
tobacco use through exposure to peers who use tobacco. Building on these findings, future research could 
examine other mechanisms through which tobacco retail outlets influence tobacco use. Policies and 
interventions to regulate both tobacco retail outlet density and social influences of tobacco use may be 
helpful in preventing and reducing youth tobacco use.  
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Table 1. Participant Characteristics, n=85 participants and 950 days 
 N % Mean SD Range 
Individual-level (n=85)      
Race       
White 48 56.47% -- -- -- 
Non-White 37 43.53% -- -- -- 
Ethnicity    -- -- -- 
Hispanic or Latino 19 22.35% -- -- -- 
Not Hispanic or Latino 66 77.65% -- -- -- 
Sex at birth   -- -- -- 
Male  32 34.43% -- -- -- 
Female  53 65.57% -- -- -- 
Age   -- -- -- 
Younger than 18 52 61.18% -- -- -- 
18 or older 33 38.82% -- -- -- 
Perceived SES 85 -- 4.22 1.46 1-7 (higher values = more poor) 
Mean number of days participants 
used tobacco over the study period 
85 -- 2.99 4.26 0-13 
Mean number of days participants 
were exposed to peers who use 
tobacco over the study period 
85 -- 4.21 4.16 0-13 
Mean number of days participants 
were exposed to adults who use 
tobacco over the study period 
85 -- 5.45 4.05 0-14 
Mean tobacco outlets within 50m of 
activity space polylines per day 
85 -- 2.80 1.99 0-9 
Mean number of tobacco outlet 
within 100m of activity space 
polylines per day 
85 -- 4.22 2.86 0-14 
Mean amount of time spent within 
50m of tobacco outlets per day (in 
minutes) 
85 -- 7.12 10.27 0-74 
Mean amount of time spent within 
100m of tobacco outlets per day (in 
minutes) 
85 -- 16.48 31.38 0-273 
      
Day-level (n=950)      
Daily tobacco use      
Days in which participants did not 
use tobacco 
716 days 75.37% -- -- -- 
Days in which participants did use 
tobacco 
234 days  24.63% -- -- -- 
Daily exposure to peers who use 
tobacco 
     
Days in which participants were 
not exposed to peers who use 
tobacco 
614 days 64.70% -- -- -- 
Days in which participants were 
exposed to peers who use tobacco 
335 days 35.30% -- -- -- 
 21
Daily exposure to adults who use 
tobacco 
     
Days in which participants were 
not exposed to adults who use 
tobacco 
520 days 54.91%    
Days in which participants were 
exposed to adults who use 
tobacco 
427 days 45.09% -- -- -- 
Mean number of tobacco outlets 
within 50m of activity space 
polylines per day 
950 days -- 2.95 3.65 0-21 (higher values = increasing 
exposure) 
Mean number of tobacco outlets 
within 100m of activity space 
polylines per day 
950 days -- 4.40 5.03 0-27 (higher values = increasing 
exposure) 
Mean amount of time spent within 
50m of tobacco outlets per day (in 
minutes) 
950 days -- 7.55 19.95 0-339 (higher values = 
increasing exposure) 
Mean amount of time spent within 
100m of tobacco outlets per day (in 
minutes) 
950 days -- 17.41 48.61 0-573 (higher values = 
increasing exposure) 
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Table 2. Descriptive associations among daily exposure to peer tobacco product users, daily exposure to 
adult tobacco product users, and daily tobacco use, n=950 days 
 
Variable Days in which 
participants did not use 
tobacco 
n / column n (%)  
Days in which 
participants used 
tobacco 
n / column n (%) 
P-value b 
Daily exposure to peer 
tobacco users a 
   
Days in which 
participants were not 
exposed to peers who 
use tobacco 
550 / 715 days 
(76.92%) 
64 / 234 days 
(27.35%) 
p<0.001 
Days in which 
participants were 
exposed to peers who 
use tobacco 
165 / 715 days 
(23.08%) 
170 / 234 days 
(72.65%) 
 
Daily exposure to adult 
tobacco users a 
   
Days in which 
participants were not 
exposed to adults who 
use tobacco 
435 / 714 days 
(60.92%) 
85 / 233 days 
(36.48%) 
p<0.001 
Days in which 
participants were 
exposed to adults who 
use tobacco 
279 / 714 days 
(39.08%) 
148 / 233 days 
(63.52%) 
 
a
 Column percentages are provided in parentheses  
b
 P-values were calculated using chi-square tests 
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Figure 1a and 1b. Mediation results from models in which daily exposure to number tobacco outlets 
within 50m of polylines was modeled as the exposure (Figure 1a) and daily exposure to number of 
tobacco outlets within 100m of polylines was modeled as the exposure (Figure 1b) 
 
 
 
 
Notes: In Figure 1a, the Akaike information criterion value was 2358.47 and the Bayesian information 
criterion value was 2484.73. The indirect effect through exposure to peers who use tobacco was 
significant at p= 0.001. The indirect effect through exposure to adults who use tobacco was not significant 
at p= 0.78. In Figure 1b, the Akaike information criterion value was 2356.07 and the Bayesian 
information criterion value was 2482.34. Indirect effect through exposure to peers who use tobacco was 
significant at p= 0.001. The indirect effect through exposure to adults who use tobacco was not significant 
at p= 0.73. 
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Figure 2a and 2b. Mediation results from models in which daily time spent within 50 meters of tobacco 
outlet was modeled as the exposure (Figure 2a) and daily time spent within 100 meters of tobacco outlet 
polylines was modeled as the exposure (Figure 2b) 
 
 
 
 
Notes: In Figure 2a, the Akaike information criterion value was 2393.64 and the Bayesian information 
criterion value was 2520.24. The indirect effect through exposure to peers who use tobacco was not 
significant at p= 0.66. The indirect effect through exposure to adults who use tobacco was not significant 
at p= 0.74. In Figure 2b, the Akaike information criterion value was 2382.69 and the Bayesian 
information criterion value was 2508.96. The indirect effect through exposure to peers who use tobacco 
was not significant at p= 0.41. The indirect effect through exposure to adults who use tobacco was not 
significant at p= 0.90. 
 
